Objective: To examine the relationship between facial-affect recognition and different aspects of self-and proxy-reported social-communication impairment following moderateϪsevere traumatic brain injury (TBI). Method: Forty-six adults with chronic TBI (Ͼ6 months postinjury) and 42 healthy comparison (HC) adults were administered the La Trobe Communication Questionnaire (LCQ) Self and Other forms to assess different aspects of communication competence and the Emotion Recognition Test (ERT) to measure their ability to recognize facial affects. Results: Individuals with TBI underperformed HC adults in the ERT and self-reported, as well as were reported by close others, as having more communication problems than did HC adults. TBI group ERT scores were significantly and negatively correlated with LCQ-Other (but not LCQ-Self) scores (i.e., participants with lower emotion-recognition scores were rated by close others as having more communication problems). Multivariate regression analysis revealed that adults with higher ERT scores self-reported more problems with disinhibition-impulsivity and partner sensitivity and had fewer other-reported problems with disinhibition-impulsivity and conversational effectiveness. Conclusions: Our findings support growing evidence that emotion-recognition deficits play a role in specific aspects of social-communication outcomes after TBI and should be considered in treatment planning.
. Knox and Douglas (2009) observed a significant correlation between the ability to recognize facial affect and selfreported social integration in adults with severe TBI; similarly, Pettersen (1991) noted that emotion-recognition skills in children and adolescents with TBI were a predictor of frequency of parentreported socially inappropriate behaviors. Spikman, Milders, et al. (2013) found that the ability to recognize emotions was negatively correlated with both behavioral problems of adults with TBI (as indicated by proxy reports) and their degree of self-awareness. Taken together, these findings suggest a relationship between emotion-recognition abilities and social functioning in TBI populations.
Facial-affect recognition impairments have also been linked specifically to social-communication problems. Ryan and colleagues (2013) found that, among survivors of pediatric TBI, social-communication difficulty mediated the relationship between the ability to recognize emotions and occurrence of externalizing behaviors. Watts and Douglas (2006) found a negative correlation between facial-affect recognition and proxy-reported communication problems. The relationship between self-rated communication problems and emotion recognition was only marginal, and the authors suggested that a link between emotion-recognition skills and communication competence might be visible with a sample size larger than 12, although it is possible that the lack of a significant correlation is due to limited self-awareness in adults with TBI, leading to a failure to correctly appraise one's communication difficulties.
The aim of the current study was to further examine the relationship between everyday social-communication problems and affect recognition in a larger sample and to investigate whether different types of communication problems are more likely to be associated with facial-affect recognition abilities. A better knowledge of the relationship between communication competence and facial-affect recognition can inform the development and administration of interventions for social-communication problems, as well as interventions for a broader set of cognitive challenges, after TBI because impairments in social cognition can affect rehabilitation for other cognitive functions (Spikman, Boelen, et al., 2013) . Indeed, there is mixed evidence supporting that treatments currently employed for social-communication problems improve everyday social interactions (Dahlberg et al., 2007; McDonald et al., 2008; Ylvisaker, Turkstra, & Coelho, 2005) . Evidence of a relationship between social-cue perception deficit and specific types of communication impairment can guide the creation of new and more effective protocols that consider the underlying mechanism leading to problems in everyday life. In particular, it is important to examine the relationship between emotion-recognition abilities and different kinds of social-communication competence, both as it is self-reported by adults with TBI and as it is perceived by their frequent communication partners: Although not universally present, self-awareness problems have been reported in adults with chronic moderateϪsevere TBI (Prigatano & Altman, 1990; Vanderploeg, Belanger, Duchnick, & Curtiss, 2007) , suggesting that in-depth characterization of postinjury deficits might require cooperation and reports from patients' close others.
Here, we build on previous work investigating social functioning in TBI and examine the relationship between emotionrecognition accuracy and frequency of self-and proxy-reported social-communication problems in adults with TBI. We measured facial-affect recognition using the Emotion Recognition Test (ERT; Kessels, Montagne, Hendriks, Perrett, & de Haan, 2014; Montagne, Kessels, De Haan, & Perrett, 2007) and socialcommunication problems using the self-report and proxy-report forms of the La Trobe Communication Questionnaire (LCQ; Douglas, 2010b; Douglas, Bracy, & Snow, 2007; Douglas, O'Flaherty, & Snow, 2000) . Based on previous findings (Watts & Douglas, 2006) , we expected that participants with TBI would have both worse emotion-recognition performance and more selfreported and proxy-reported social-communication problems than would a demographically matched comparison group. In addition, we predicted a negative correlation between other-reported communication problems and affect recognition accuracy in adults with TBI. Although, as noted earlier, a previous study found only a marginal correlation between self-reported communication problems and emotion recognition, findings from other work showing associations between self-reported social integration and affect recognition skills (Knox & Douglas, 2009 ) led us to also expect a negative correlation between facial-affect recognition abilities and self-reported communication problems.
To examine the relationship between emotion recognition and different aspects of communication competence, we used an exploratory multivariate regression approach and hypothesized that emotion-recognition abilities would serve as the predictor (independent variable) of different aspects of social-communication abilities (dependent variables), as measured by the four LCQ factors-initiation-conversational flow, disinhibition-impulsivity, conversational effectiveness, partner sensitivity-and reported emotion-recognition ability (Struchen, Pappadis, et al., 2008) .
Method Participants
Forty-six adult individuals with a history of moderateϪsevere TBI (women ϭ 23) and 42 healthy comparisons (women ϭ 21) participated in the study. Participants were recruited from the communities surrounding the University of Iowa and the University of Madison-Wisconsin-Madison. The sample included in the current study partially overlaps with previous studies from our group (Rigon, Duff, McAuley, Kramer, & Voss, 2016; Rigon, Voss, Turkstra, Mutlu, & Duff, 2016) . TBI severity was assessed according to the Mayo Classification System (Malec et al., 2007) . Participants were considered moderateϪsevere if only one of the four following criteria was met: (a) Glasgow Coma Scale Ͻ 13, (b) positive acute computed tomography findings or lesions visible on a chronic magnetic resonance imaging, (c) loss of consciousness Ͼ30 min or posttraumatic amnesia Ͼ24 hr, and (d) retrograde amnesia Ͼ24 hr. All participants were at least 6 months postinjury (range of time postinjury in months was 6 -506). Cause of injury included motor vehicle accidents (18 individuals), falls (15), nonϪmotor vehicle accidents (four), assaults (four), sport-related injuries (two), and other (three). Severity-related information was collected using available medical records and self-report.
The healthy comparison (HC) group was composed of individuals with no history of TBI, loss of consciousness, or neurological Table 1 ). Participants were excluded if they scored in the aphasia range on the Western Aphasia Battery screening test (Shewan & Kertesz, 1980) . Approval by the appropriate institutional review boards was obtained.
Communication Problems
Frequency of communication problems was assessed using the LCQ (Douglas et al., 2007) . The LCQ was designed to measure communication problems in adults with TBI based on the literature on communication problems associated with TBI and Grice's model of effective communication and has both high validity (Ͼ.9) and reliability (Ͼ.8; for further information see Douglas et al., 2007) . There are two versions of the LCQ: a self-report form completed by the participant (LCQ-Self) and an other-report form completed by a close other nominated by the participant as a frequent communication partner (LCQ-Other; Douglas et al., 2007) . The LCQ-Self and LCQ-Other are composed of the same 34 items, with items phrased in the second person for the LCQ-Self (e.g., "When talking to others, do you leave out important details?") and in the third person for the LCQ-Other (e.g., "When talking to others, does [name] leave out important details?"). Respondents answer each item on a 4-point Likert scale ranging from 1 (Never or rarely) to 4 (Usually or always). Higher overall scores correspond to a higher frequency of communication problems. After participants completed the LCQ-Self, they were asked to nominate a frequent communication partner to complete the LCQ-Other form, and study personnel mailed the form to that person.
Items from the LCQ have been found to load on four different factors: initiation-conversational flow, disinhibition-impulsivity, conversational effectiveness, and partner sensitivity (Struchen, Pappadis, et al., 2008) . Recently, the author of the survey added four new items aimed at investigating participants' self-and otherreported ability to recognize emotions and moods (e.g., "When talking to others, do you/does [name] misinterpret the other person's facial expression?"; J. M. Douglas, personal communication, March 3, 2016) . Because these items were not included in the factor analysis performed by Struchen, Pappadis, et al. (2008) , in the current study they were grouped together and separately from the other subscales and treated as items loading onto a separate factor (emotion recognition). Dependent variables for the LCQ were overall LCQ-Other and LCQ-Self scores and average scores for each of the five factors.
To assess interpersonal closeness between the participant and the frequent communication partner, we administered the Inclusion of Other in the Self Scale (IOS; Aron, Aron, & Smollan, 1992) . The IOS allowed us to ensure that group differences in closeness within partner pairs did not influence group differences on the LCQ-Other and that higher (or lower) instances of other-perceived communication problems in the TBI or HC groups were not due to a systematic bias driven by within-pair closeness. On a visual rating scale that illustrates different levels of closeness between two entities, participants and communication partners were asked to indicate their interpersonal closeness on a 7-point scale ranging from 1 (very low closeness) to 7 (very high closeness), yielding two separate IOS-Self and IOS-Other scores. The IOS was not completed in one HC communication partner pair, and it was not returned by two communication partners for the TBI group.
Emotion-Recognition Abilities
Facial-affect recognition was measured using the Emotion Recognition Test (ERT) . The ERT is a dynamic computer-based facial-affect recognition task that has been used as an effective tool to examine subtle emotion-recognition impairment in several neuropsychiatric patient groups, including populations with TBI (Law Smith, Montagne, Perrett, Gill, & Gallagher, 2010; Rosenberg, Dethier, Kessels, Westbrook, & McDonald, 2015) . Participants view clips of faces that first appear neutral and then gradually morph to express one of six basic emotions (afraid, angry, disgusted, happy, neutral, sad, and surprised). For this study, we adopted the short version of the test, which consists of four morphs for each of the six basic emotions, transforming from neutral to four levels of emotion intensities (0% to 40%, 60%, 80%, and 100%) and makes up a total of 96 trials (4 morphs ϫ 6 emotions ϫ 4 intensities). The presentation order of morphs was fixed from the lowest to the highest emotion intensity, so that participants could not guess at lower intensity morphs from having seen the stimulus as part of a higher intensity image of the same face. For each item, participants were instructed to choose "the word that best describes what the person is feeling" from among six alternatives listed to the right of the stimulus. The dependent variable was the total number of correct responses across all intensities and emotions.
Statistical Analysis
Within-group relationship between LCQ-Self and LCQ-Other was calculated using bivariate correlation. An analysis of covariance (ANCOVA) was used to test the hypothesis that individuals with TBI would have lower accuracy than would HC adults on the 
Relationship Between Emotion-Recognition Abilities and Communication Problems
Another goal of our analyses was to examine the association between frequency of communication problems and emotionrecognition skills. Partial correlation analysis revealed that within the HC group there was no significant correlation between ERT score and total LCQ-Self (r ϭ Ϫ.07, p ϭ .34) or LCQ-Other (r ϭ Ϫ.2, p ϭ .12). Within the TBI group, ERT scores were significantly and negatively correlated with total LCQ-Other scores (r ϭ Ϫ.33, p ϭ .02), indicating that participants with TBI who were rated as having more communication problems by their close others also had lower emotion-recognition abilities. However, total LCQ-Self and ERT scores did not significantly correlate (r ϭ .22, p ϭ .08).
Because ERT performance correlated significantly with LCQOther but not with LCQ-Self, we used a Fisher r-to-z transformation to test whether the difference between the two correlation coefficients was significantly different from 0. Our results showed a stronger relationship between emotion-recognition abilities and other-perceived communication problems than between emotionrecognition abilities and self-perceived communication problems (z ϭ 2.44 p ϭ .02) within the TBI group.
Our main aim was to investigate the role of emotion-recognition performance as a predictor of different types of communication impairment (initiation-conversational flow, disinhibition-impulsivity, conversational effectiveness, partner sensitivity, and reported Table S1 in the online supplemental materials).
Discussion
In the current study, we examined the relationship between emotion-recognition accuracy and self-and other-reported communication problems in adults with moderate to severe TBI. As reported in our previous work, individuals with TBI performed worse than did demographically matched healthy comparisons on a dynamic emotion-recognition task . In addition, individuals with TBI rated themselves and were rated by their frequent communication partners as having more communication problems than had individuals without TBI. We also observed that other-reported frequency of communication problems was significantly and negatively associated with the ability to recognize emotions from faces. Further examination using a multivariate model revealed that emotion-recognition performance was a positive predictor of self-reported communication problems in the domains of partner sensitivity and impulsivity and a negative predictor of other-reported communication problems related to impulsivity and conversational effectiveness. We examine each of these findings in the following paragraphs.
Individuals with TBI have often been reported as having communication problems and facial-affect recognition impairments (Babbage et al., 2011; Douglas et al., 2007) . Indeed, previous work using the LCQ and the ERT has observed that, at the group level, adults with TBI tend to show more problems than do healthy comparison peers in both (Douglas, 2010a; Rosenberg et al., 2014) . Our current findings are consistent with results of prior work, confirming that TBI can have a profound effect on different aspects of social functioning even in the chronic stage. The main aim of the current study, however, was to investigate the specific association between two different aspects of social cognition: communication competence and the ability to recognize emotions. In particular, we hypothesized that an inability to correctly interpret social cues, such as a failure to successfully recognize others' emotions, might contribute to a reduction in communication competence by depriving individuals with TBI of critical information that healthy individuals use to navigate social situations.
To assess the relationship between the ability to recognize facial affect and communication problems, we first computed the bivariate correlation between overall LCQ scores and ERT performance. Our data showed that, after correcting for demographic variables such as sex, age, and education, individuals with TBI with more other-reported overall communication problems less accurately labeled facial affect. Previous studies have reported an association between social communication and emotion recognition (Knox & Douglas, 2009; Pettersen, 1991) . Watts and Douglas (2006) , who used the LCQ to measure social competence and the Emotion Evaluation Test (EET) section of the Awareness of Social Inference Test (McDonald, Flanagan, Rollins, & Kinch, 2003) to measure emotion recognition, found in a small sample of individuals with severe TBI (N ϭ 12) that LCQ-Other scores negatively correlated with EET performance. Our replication of these findings in a larger sample of individuals with moderateϪsevere TBI offers further support for the hypothesis that impairment in these two domains of social functioning may be closely related. It is interesting that the correlation between LCQ and emotion-recognition abilities was significant within the TBI group but not within the HC group. This finding may be explained by a decline in emotion- Note. LCQ ϭ LaTrobe Communication Questionnaire; ERT ϭ Emotion Recognition Test; TBI ϭ traumatic brain injury; CI ϭ confidence interval; IϪCF ϭ initiationϪconversational flow; DϪI ϭ disinhibitionϪimpulsiv-ity; CE ϭ conversational effectiveness; PS ϭ partner sensitivity; ER ϭ emotion recognition. This document is copyrighted by the American Psychological Association or one of its allied publishers.
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recognition skills influencing communication competence only when the ability to recognize emotions drops below a certain threshold. This explanation is supported by the fact that, as a group, individuals with TBI scored worse than did HCs on both the ERT and the LCQ. These differences did not result from ceiling effects, because even within the HC group no ceiling effect was noted for the ERT and HCs did report communication problems on the LCQ. Our analysis also aimed to expand on previous analyses by examining how specific aspects of communication competence are influenced by the ability to recognize facial affect. We used a multivariate regression approach, which allowed us to test the hypothesis that emotion-recognition impairment is not only related but is a significant predictor of frequency of communication problems and to examine how specific aspects of self-and other-perceived communication competence (i.e., initiation-conversational flow, disinhibitionimpulsivity, conversational effectiveness, partner sensitivity, and reported emotion-recognition ability) are affected by problems in emotion recognition. It should be noted that not all five subscales of the LCQ contribute equally to the overall score. For instance, 10 items were found to load on initiation-conversational flow, whereas only four items loaded on partner sensitivity. For this reason, examining whether ERT performance can serve as a predictor for the average score on a specific subscale can yield different findings, as well as be more informative, than is a simple bivariate correlation. Indeed, our multivariate analyses revealed that, within the TBI group, ERT score was a significant predictor of all LCQ-Self subscales taken together (i.e., the multivariate model was significant) but not of all LCQ-Other subscales. Further exploration of the subscales of both measures revealed that ERT performance was a significant predictor of otherreported disinhibition-impulsivity and conversational effectiveness. This finding indicates that participants who were less accurate at labeling facial affect were more likely to be perceived by others as being more impulsive and disinhibited and less able overall to carry out effective social conversations.
It is surprising that ERT scores were significant predictors of self-reported disinhibition-impulsivity and partner sensitivity but in a direction opposite to the one expected. Participants with TBI who were better at labeling facial affect also considered themselves worse at reading their communication partners' needs and being more impulsive and disinhibited, which partially contradicts the results presented by Watts and Douglas (2006) . One potential explanation for this finding is that individuals with TBI who have better emotion-recognition skills also have higher self-awareness of their deficits, which may render them more vigilant to their own social performance and lead them to overestimate-instead of underestimate-communication problems in specific domains. Partial support for this explanation comes from a study by Spikman, Milders, and colleagues (2013) , who reported that individuals with TBI who are better at recognizing emotions are also more self-aware of their deficits. In this sense, the discrepancy with previous studies may be due to differences in sample size and composition; we tested participants with moderate injuries as well as severe TBI and thus may have included individuals with heightened awareness. Also, half of our sample was female, compared to one out of 12 for the sample reported by Watts and Douglas. The recent finding that men, but not women, with TBI underreport their communication deficits on the LCQ (Despins, Turkstra, Struchen, & Clark, 2016) suggests that data from female participants might account for our different findings.
Although we did not measure self-awareness directly, future work should examine its role as a mediator in the relationship between communication and emotion-recognition deficits. In the current study, a correlational analysis between LCQ-Self and LCQ-Other scores within both TBI groups revealed a significant (albeit marginal) correlation between the two measures, indicating that, at least to a certain degree, individuals with TBI are aware of their own communication problems. This finding is consistent with previously reported results (Douglas et al., 2007) , but it should be noted that because the correlation is relatively low, it likely reflects the fact that our sample includes both individuals with and without impaired self-awareness, thus mirroring the moderateϪsevere TBI population (Vanderploeg et al., 2007 ). This in turn may explain the different patterns of associations found between ERT performance and LCQ-Self and LCQ-Other and suggests a need to obtain both self-and proxy reports when assessing communication impairment in individuals with TBI. We also found no significant difference between LCQ-Self and LCQ-Other ratings within the TBI group (see the first subsection of the Results section), suggesting that, on average and across all LCQ factors, participants did not rate their communication competence as significantly different from what their close others did. Although there have been studies that have found that individuals with TBI underestimate their communication problems (Douglas et al., 2007) , several other studies have found no differences between self-and other-reports (e.g., Snow, Douglas, & Ponsford, 1998; Struchen, Pappadis, et al., 2008) : It has been hypothesized that the discrepancy of the Self versus Other test comparison results is related to time postinjury (with longer intervals corresponding to lower differences in Self and Other test ratings; Struchen, Pappadis, et al., 2008) , and this, together with sex composition of the sample, might have played a role in our study, because the mean time postinjury is relatively high. It should also be considered that at least one previous study (Douglas et al., 2007) that has reported significant differences in Self and Other test scores following TBI, with individuals with TBI underreporting their communication problems, also found a significant correlation between Self and Other, indicating that the two situations are compatible and perhaps pointing to a systematic bias within TBI populations.
It is interesting that ERT performance was not a significant predictor of self-or other-reported emotion recognition (i.e., the fifth LCQ factor). One possible explanation for this seemingly contradictory finding is that, although the four items were created to measure a specific construct (affect recognition), they do not cluster together as intended. Indeed, as mentioned earlier, these items were added to the LCQ recently and were not included in Struchen, Pappadis, et al. (2008) factor analysis. For practical reasons, we chose to treat these items as an independent factor, but they may load onto one of the four subscales identified by Struchen and colleagues. Future studies with a larger sample size should explore whether the LCQ factor structure is changed by the addition of these four items. We speculate that errors in emotion recognition per se are not detectable to either people with TBI or their partners in an ongoing conversation but manifest themselves in higher level problems such as talking about things for too long during conversations, which could occur because the speaker fails to recognize the listener's facial emotions accurately and which This document is copyrighted by the American Psychological Association or one of its allied publishers.
might be mistakenly attributed to other causes (e.g., lack of empathy; Mathersul et al., 2009) . In summary, the current study provides evidence that emotion recognition can predict specific elements of communication competence following TBI. Although longitudinal studies are needed to further examine the presence of a causal relationship between these two variables, our results support the idea that specific perceived communication problems, particularly disinhibition and conversation effectiveness, are linked to errors in facial-affect recognition. These findings highlight the importance of instructing communication partners about emotion-recognition deficits and their potential impact on everyday interactions and may inform selection of treatment targets and intervention methods.
